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L INTRODUCTION 

T h i s  r epor t  is a summary of t h e  research  performed under NASA 

Grant NGL 39-011-085 f o r  s t u d i e s  r e l a t e d  t o  t h e  sucfaces  of the moon 

and p l ane t s  during t h e  per iod Apr i l  1, 1973 - September 30, 1973. 

During t h e  p repa ra t ion  of this  r epor t  i t  was r e a l i z e d  that a s e m i -  

annual r epor t  covering the per iod October 1, 1972 - March 31, 1973 

had inadve r t an t ly  not  been submitted; t he re fo re  the present  r e p o r t  

desc r ibes  s t u d i e s  c a r r i e d  on during t h e  l a t te r  per iod a l so .  

The research  p r o j e c t s  continued during t h i s  t i m e  inc lude  s t u d i e s  

of t h e  t ransmission and r e f l e c t i o n  s p e c t r a  of s i l i c a t e  minerals  and 

g l a s s e s ,  and p a r t i c u l a r l y  the  changes which might b e  induced by s o l a r  

wind i r r a d i a t i o n  and me teo r i t e  impacts. The main achievements of 

t h i s  per iod  inc lude  t h e  following: 

t h i n  f i lms  of l u n a r  composition prepared under a v a r i e t y  of condi t ions ,  

t h e  prel iminary ana lys i s  of var ious  p rope r t i e s  of t hese  materials 

using o p t i c a l ,  e l e c t r o n  microprobe, Mossbauer, and magnetic methods, 

t h e  development of a new method f o r  r ap id  measurement of the t rans-  

mission spectrum of h ighly  absorbing ma te r i a l s ,  and t h e  development 

of a t h e o r e t i c a l  model which accounts f o r  t h e  r e f l e c t i o n  spectrum of 

the moon over the wavelength range from 0.111 t o  3,011. 

t h e  syn thes i s  of g l a s s e s  and 

11. DESCRIPTION OF RESEARCH 

A. GLASSES AND FILIG 

A number of s i l i ca te  g la s ses  and f i lms  of composition similar t o  

l u n a r  materials, b u t  wi th  varying amounts of Fe and T i ,  have been 
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s);nthesized. 

been measured i n  order  t o  e l u c i d a t e  the n a t u r e  of the absorpt ion bands 

Their o p t i c a l ,  chemical and magnetic p rope r t i e s  have 

which are p resen t  i n  t h e  r e f l e c t i o n  s p e c t r a  of lunar  r e g o l i t h ,  

The fol lowing s t rong  absorpt ion bands have been observed i n  the  

g l a s s e s  : 

Below 0,2~, wi th  t a i l  extending above 0.2~; a l l  g l a s ses ;  probably 

charge-t ransfer  involving ca t ions ,  

+3 0 , 2 5 ~ ;  a l l  g l a s ses ;  probably charge-transf er involving Fe 

impur i t ies .  

0 . 3 8 ~ ;  only i n  g l a s s e s  containing Ti02; probably charge-transf er 

band . 
0 . 5 0 ~ ;  only i n  g l a s ses  containing T i 0  ; probably d-d t r a n s i t i o n  2 

of T i f 3  ion ,  b u t  may a l s o  be charge-t ransfer  band involving Ti+3 ion.  

0 , 6 0 ~ ;  only i n  g l a s ses  containing l a r g e  amount of Fef3; probably 

Fef3 - Fef2 charge-t ransfer  band. 

1,Ou; only i n  g l a s s e s  containing Fe0;due t o  d-d t r a n s i t i o n  i n  

Fef2 ion.  

The a d d i t i o n  of 2% m e t a l l i c  Fe lowers t h e  spectrum s l i g h t l y  a t  

a11 wavelengths, b u t  does not  cause any d i s c r e t e  bands. 

In  previous s t u d i e s  of g l a s ses  of lunar  composition synthesized 

under reducing conditions,we had been unable t o  make a g l a s s  which 

w a s  as absorbing i n  the 0 , 6 - 0 . 7 ~  reg ion  as lunar  r ego l i th .  

t h a t  the reason o t h e r  workers had been success fu l  i n  dupl ica t ing  t h e  

luna r  spectrum using v i t r i f i e d  b a s a l t  w a s  because t h e i r  synthes iz ing  

W e  suggested 

condi t ions  were inadve r t en t ly  oxidizing. ?hepresent  s t u d i e s  f u r t h e r  

confirm. t h i s  sugges t ion ,  s i n c e  the  0.6~ absorp t ion  band occurs only 
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i n  g l a s s e s  w i t h  a l a r g e  Fe+3/Fe+2 r a t i o .  The relative abundance of 

+3 0 Fe , F,"i2 and Fe were measured using Mossbauer techniques.  

Films formed by s p u t t e r i n g  and thermal evaporat ion remain the  

only materials w e  have been a b l e  t o  synthes ize  under chemically n e u t r a l  

o r  reducing condi t ions  which approximate the luna r  spectrum. Even with 

these f i lms  some problems remain: t he  f i lms  appear t o  be  too  dark 

i n  t h e  UV t o  match t h e  moon, i n  view of t he  r e s u l t s  of Fastie,  e t  a l .  

wi th  t h e  Apollo 1 7  W spectrometer.  

i n  the  f i lms  remains abscure.  

- 

Also,the cause of the  high absorpt ion 

I n  order  t o  f u r t h e r  understand t h e  l ight-absorbing mechanisms 

i n  t h e  f i lms ,  prel iminary analyses  of the f i lms  and their parent  

g l a s s e s  were c a r r i e d  out  using the  e l e c t r o n  microprobe a t  Penn S t a t e .  

Re la t ive  t o  the parent  g l a s ses ,  t he  evaporated films were found t o  be  

enriched i n  the a l k a l i  elements, and Fe and S i ,  and depleted i n  T i ,  

A l ,  Mg and Ca. Apparently during evaporat ion the  components of t h e  

g l a s s  are t ransfe . r red roughly i n  proport ion t o  the vapor pressure  of 

t h e  ind iv idua l  oxides.  Thus i n  t h e  evaporated f i lms  w e  appear t o  b e  

dea l ing  pr imar i ly  w i t h  a Fe-Si-0 system. By c o n t r a s t ,  i n  the spu t t e red  

f i lm ,  a l l  ca t ions  were t r a n s f e r r e d ,  b u t  t h e  f i l m  w a s  q u i t e  d e f i c i e n t  

i n  0,and w e  appear t o  be  dea l ing  with a s t rong ly  non-stoichiometric 

system. 

f i l m s  w e  have a l s o  requested D r .  T.  Bunch of NASA/Ames t o  analyze them 

Because of t h e  h ighly  unusual ( t o  geochemists) na ture  of t hese  

f o r  us. This s tudy is cu r ren t ly  being c a r r i e d  o u t ,  b u t  prel iminary 

d a t a  tend t o  confirm the  earlier r e s u l t s .  

I n  the lunar  f i n e s  t h e  o p t i c a l  and magnetic p r o p e r t i e s  are 

observed t o  be c o r r e l a t e d ,  the most magnetic f r a c t i o n  having the lowest 
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dbedo. Thus the s a t u r a t i o n  remanences of s e v e r a l  OB t h e  g l a s s e s  

were measured, using the f a c i l i t i e s  of D r .  M. F u l l e r  a t  P i t t .  The 

remanences of the f i lms  were found t o  be one t o  two orders  of magni- 

tude g r e a t e r  than the parent  g l a s ses ,  i n d i c a t i n g  the presence i n  

abundance of d i s c r e t e ,  submicroscopic, ferromagnet ic  phases, even 

though t h e  f i lms  appear homogeneous under the  pe t rographic  microscope. 

B. EXPERIMENTAL TECEINIqUEs 

As p a r t  of the present  s tudy i t  w a s  des i r ed  t o  measure t h e  trans- 

mission s p e c t r a  of h igh ly  absorbing materials. 

techniques t h i s  would have required t h e  gr inding and pol i sh ing  of 

a l a r g e  number of t h i n  s e c t i o n s  of thickness  less than 5011. Ins tead  

Using conventional 

a new method was developed by which the spectrum of a few micrograms 

of material i n  powder form can be  r ap id ly  measured. 

I f  one at tempts  t o  measure t h e  t ransmission spectrum of a l a y e r  

of powder on a g l a s s  p l a t e ,  one f i n d s  t h a t  t he  l i g h t  t ransmi t ted  by 

t h e  ho le s  between g ra ins  completely swamps any l i g h t  t ransmi t ted  

through t h e  g ra ins  themselves. Consequently, a modified t ransmission 

method w a s  developed whereby the  l i g h t  in .  t he  spectrophotometer beam 

is f i r s t  de f l ec t ed  using a fused s i l i ca  prism b e f o r e  f a l l i n g  on a 

t h i n  l a y e r  of g ra ins .  Only l i g h t  s c a t t e r e d  by t h e  g ra ins  (which is  

mainly t ransmi t ted  l i g h t  p lus  a s m a l l  amount of s u r f a c e  r e f l e c t i o n )  

enters t h e  de t ec to r .  This method has  g r e a t l y  f a c i l i t a t e d  our measurements. 

C. THEORETICAL LUNAR SPECTRUM 

A t h e o r e t i c a l  model which accounts f o r  t h e  luna r  r e f l e c t i o n  spectrum 

over  t h e  range 0.1 - 3.0~ i n  a very s i m p l e  manner has  been developed. 
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The model rests on the fol lowing observat ions.  

spectrum R can b e  converted i n t o  the  spectrum of t h e  averaged, e f f e c t i v e ,  

The luna r  r e f l e c t i o n  

s ing le - sca t t e r ing  albedo w of a g r a i n  of l u n a r  s o i l  using t h e  Kubelka- 

Munk equation. 

w = (a + b/X)-' from 0.2 - 3 . 0 ~ .  

It is found t h a t  w is cons tan t  from 0.1 t o  0.211 and 

The convent ional  explanat ion is  

t h a t  t h e  spectrum is due t o  a l a r g e  number of overlapping absorp t ion  

bands. A s imple,  a l t e r n a t i v e  explanat ion is t h a t  t h e  s o i l  c o n s i s t s  

of two components : 

s i z e  l a r g e  compared wi th  X ( i . e , ,  pu lver ized  c r y s t a l l i n e  rock and 

g l a s s ) ,  p lus  about 1% of a h igh ly  absorbing material of average p a r t i c l e  

a weakly-absorbing material wi th  average p a r t i c l e  

s i z e  of t h e  o rde r  of O.O7p, A t  p r e sen t  there appears t o  b e  no s t r o n g  

evidence aga ins t  t h e  model, We are c u r r e n t l y  seeking evidence f o r  

such  a component i n  t h e  l i t e r a t u r e .  

111. mETINGS ATTENDED AND PAPERS GIVEN 

A. MEETINGS 

B, Hapke a t tended  t h e  IAU Colloquium 23 on Polar imetry i n  Op t i ca l  

Astronomy, Tucson, November, 1972, 

W. Cassidy a t tended  t h e  4 th  Lunar Science Conference, Bouston, 

March, 1973. 

B. Hapke a t tended  t h e  annual AGU meeting, Washington, Apr i l ,  1973, 

and de l ive red  a paper e n t i t l e d ,  "Chemical, Magnetic and Op t i ca l  Characteriza- 

t i o n s  of Glasses Produced by Simulated Lunar Surface  Processes". 

E. Wells at tended t h e  Charge-Transfer Conference, Boston, Apr i l ,  1973. 

B. Hapke at tended t h e  Symposium on t h e  Moon i n  honor of Harold Urey's 

80th b i r thday ,  Houston, Apr i l ,  1973, and de l ivered  an i n v i t e d  paper 

e n t i t l e d ,  "Darkening of S i l i c a t e  Rocks by So la r  Wind Sputtering"., 
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I n  add i t ion ,  W. Cassidy t r ave led  t o  S t a t e  College,  Pa. twice t o  use  

t h e  e l e c t r o n  microprobe f a c i l i t i e s  a t  Penn S t a t e .  

B. PAPS- PUBLISHED 

B. Hapke (1973) Darkening of S i l i c a t e  Rock Powders by S o l a r  Wind 

-Moon, - 7, 342-355. 
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